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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a stage device,
a lithography apparatus, and an article manufacturing
method.

Description of the Related Art

[0002] In a conventional exposure apparatus used for
manufacturing an article such as a semiconductor device
and a display device, a laser interferometer system that
can measure the position and displacement amount of
an object in high resolution stably over a long period of
time has been used as a measurement system that
measures the position of a stage. In recent years, due to
demands for miniaturization of features and improve-
ment of productivity, the stage device is required to have
the positioning performance with high speed and high
accuracy. In such a situation, a variation of a measure-
ment value caused by fluctuation of air in the optical path
of the laser interferometer is a factor that hinders im-
provement of the device pattern overlay performance
which is the final performance of the exposure apparatus.
[0003] Japanese Patent Laid-Open No. 2002-151405
discloses, as an alternative to the laser interferometer
system, an optical encoder system that can measure the
posture of a stage device holding a substrate with respect
to six DOF (Degrees Of Freedom). The optical encoder
can include a scale that includes two-dimensional grat-
ings regularly arrayed with a nanometer-order fine pitch,
and a plurality of heads each of which applies a semi-
conductor laser beam to the scale, detects reflected light
or diffracted light, and converts the light into incremental
positional information. The encoder system is advanta-
geous in that it is not influenced by fluctuation of air and
the scale can be permanently fixed to a measurement
target. This means that unless the scale is distorted by
external heat or elasticity, the measurement value does
notchange. ltis also possible to calibrate a measurement
error regarding the linearity or orthogonality of the grating
by, for example, vacuum measurement by the interfer-
ometer at the time of assembly and manufacture or the
like. The encoder can provide a resolution of sub-nanom-
eter by a combination with the calibration and interpola-
tion technique. On the other hand, the encoder may be
influenced by mechanical long-term variations such as a
drift of the grating pitch of the scale, a drift of the scale
holding unit, and thermal expansion.

[0004] Japanese Patent Laid-Open No. 2009-33166
discloses a measurement system that uses both of a la-
ser interferometer and an encoder. In this measurement
system, in a wide-range driving stroke of a stage device,
highly accurate measurement in a short term/short sec-
tion is performed by the encoder, and a variationin along
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term/long section is corrected using the laser interferom-
eter.

[0005] Japanese Patent Laid-Open No. 2013-525750
discloses an interference encoder system capable of
multi-axis simultaneous measurement, which is an ex-
tension of the conventional laser interferometer system.
Conventionally, a heterodyne interference laser interfer-
ometer has been used in an exposure apparatus. In the
heterodyne interference laser interferometer, measure-
ment light and reference light are emitted from a common
light source, and a heterodyne signal is generated by
overlapping the measurement light reflected by a meas-
urement target and the reference light serving as a ref-
erence to make them interfere with each other. A phase
change in the heterodyne signal can be converted into a
relative position change of the measurement target. Jap-
anese Patent Laid-Open No. 2013-525750 discloses an
interference encoder that detects a relative position
change of a measurement target by transmitting meas-
urement light to a scale fixed to the measurement target
and making the measurement light diffracted by the ar-
rayed gratings of the scale interfere with reference light
serving as a reference.

[0006] When the interference encoder system dis-
closed in Japanese Patent Laid-Open No. 2013-525750
is applied to an exposure apparatus and a stage device
is provided with interferometer optical paths of two or
more axes and a scale including two-dimensional grat-
ings, it is possible to implement detection of a complete
3D posture with high speed and high accuracy without
being influenced by fluctuation of surrounding air.
[0007] However, when it is tried to mount the encoder
system in a stage device that has used the laser inter-
ferometer system so far, a practical problem occurs that
the head and the scale cannot be arranged due to re-
striction on the layout space inside the exposure appa-
ratus.

[0008] Forexample, itis conceivable to apply, to a wa-
fer stage, the multidimensional encoder system dis-
closed in Japanese Patent Laid-Open No. 2002-151405.
In this case, in order to measure the driving region of the
wafer stage and control the position, each of a plurality
of encoder heads may be installed in a movable part of
the stage and a plurality of large-area scales may be fixed
to a barrel support body which holds a reduced projection
lens above the wafer stage. In this case, the relative dis-
tance between the stage and the barrel support body or
the reduced projection lens is measured. That is, in the
simplest way to use the multidimensional encoder, the
head is arranged in a movable part and the scale is ar-
ranged in a stationary part.

[0009] However, in addition to the reduced projection
lens, subunits such as various kinds of optical systems,
afocus detection system, a substrate conveyance mech-
anism, and an air conditioning control mechanism exist
in the barrel support body, so that it is very difficult to
provide a space for arranging the large-area scale as
described above.
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[0010] To the contrary, Japanese Patent Laid-Open
No. 2009-33166 discloses that a scale is arranged on
the side of a movable part of a stage and a plurality of
encoder heads are fixed above the stage so that position
control is performed by switching the head in accordance
with the position of the stage. In such a type in which a
scale is arranged in a movable part and each head is
arranged in a stationary part, the area of the scale can
be reduced, but it is necessary to arrange multiple heads
at constant intervals in a two-dimensional plane on the
side of a barrel support body. Further, in addition to the
complicated head switching operation, it is difficult in
practice to ensure a space for fixing the plurality of heads
in a thermally and mechanically stable manner. Hence,
the difficulty in design is not lowered compared to the
type in which each head is arranged in a movable part
and a scale is arranged in a stationary part. Also in the
technique disclosed in Japanese Patent Laid-Open No.
2013-525750, it is inevitable that either of a plurality of
heads and a large-area scale will be laid out in a main
body frame portion, so there is a problem in mounting as
in Japanese Patent Laid-Open Nos. 2002-151405 and
2009-33166.

SUMMARY OF THE INVENTION

[0011] The present invention provides a stage device
including a measurement system which is easy to mount,
a lithography apparatus, and an article manufacturing
method.

[0012] The presentinvention inits firstaspect provides
a stage device as specified in claims 1 to 13.

[0013] The presentinvention in its second aspect pro-
vides a lithography apparatus as specified in claim 14.
[0014] The present invention in its third aspect pro-
vides an article manufacturing method as specified in
claim 15.

[0015] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a perspective view schematically showing
a configuration example of a measurement system
including aninterference encoder system and alaser
interferometer system incorporated in an exposure
apparatus;

Figs. 2A and 2B are views showing an arrangement
example of an optical assembly;

Fig. 3 is a perspective view schematically showing
another configuration example of the measurement
system including the interference encoder system
and the laser interferometer system incorporated in
the exposure apparatus;
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Fig. 4 is a perspective view schematically showing
still another configuration example of the measure-
ment system including the interference encoder sys-
tem and the laser interferometer system incorporat-
ed in the exposure apparatus;

Fig. 5 is a view showing an arrangement example of
an exposure apparatus according to an embodi-
ment;

Fig. 6 is a view showing a configuration example of
a laser interferometer system;

Fig. 7 is a perspective view showing a configuration
example of the interference encoder system shown
in Fig. 4; and

Figs. 8A and 8B are views showing another arrange-
ment example of the optical assembly.

DESCRIPTION OF THE EMBODIMENTS

[0017] Hereinafter, embodiments will be described in
detail with reference to the attached drawings. Note, the
following embodiments are notintended to limit the scope
of the claimed invention. Multiple features are described
in the embodiments, but limitation is not made to an in-
vention that requires all such features, and multiple such
features may be combined as appropriate. Furthermore,
in the attached drawings, the same reference numerals
are given to the same or similar configurations, and re-
dundant description thereof is omitted.

[0018] In this specification and drawings, structures
and directions are described according to an XYZ coor-
dinate system. A direction does not mean an absolute
direction but means a relative relationship among a plu-
rality of directions. For example, the X-axis direction, the
Y-axis direction, and the Z-axis direction are directions
orthogonal to each other.

[0019] Fig. 5 shows the arrangement of an exposure
apparatus 500 according to an embodiment. The expo-
sure apparatus 500 is configured to project a pattern of
an original (not shown) to a substrate and expose the
substrate. The exposure apparatus 500 may be config-
ured as a stepper which exposes a substrate in a state
in which an original and the substrate are stationary, or
may be configured as a scanner which exposes a sub-
strate while scanning an original and the substrate. Fur-
ther, the exposure apparatus 500 is an example of a li-
thography apparatus that transfers a pattern of an original
to a substrate. Note that in the exposure apparatus 500,
the pattern of the original is transferred in a form of a
latent image to a photosensitive material (photo resist)
applied to the substrate.

[0020] An illumination system 501 illuminates an orig-
inal (not shown) mounted on an original stage 502, and
aprojection system 503 projects the pattern of the original
to a substrate (not shown) mounted on a stage of a sub-
strate stage mechanism 504 (to be also understood as
a stage device or a positioning apparatus). The illumina-
tion system 501 and the projection system 503 form a
transfer unit that transfers the pattern of the original to
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the substrate. The substrate stage mechanism 504 can
include an X stage 506 that can move relative to a base
505 with a long stroke in the X-axis direction, and a Y
stage 507 that can move relative to the X stage 506 with
along stroke in the Y-axis direction. The substrate stage
mechanism 504 can also include a fine movement stage
(stage) 508 that can move relative to the Y stage 507
with a short stroke in the X-axis direction, the Y-axis di-
rection, the Z-axis direction (the optical axis direction of
the projection system 503), the wx-axis direction, the oy-
axis direction, and the wz-axis direction (that is, six axis
directions). The fine movement stage 508 may be under-
stood as an example of a stage that can move in the X-
axis direction (second direction) and the Y-axis direction
(first direction) orthogonal to each other. Here, the wx-
axis direction is a rotational direction around the X-axis,
the wy-axis direction is a rotational direction around the
Y-axis, and the wz-axis direction is a rotational direction
around the Z-axis. Further, a position in the wx-axis di-
rection means a rotational angle around the X-axis, a
position in the my-axis direction means a rotational angle
around the Y-axis, and a position in the wz-axis direction
means a rotational angle around the Z-axis. A substrate
chuck 509 that holds the substrate can be arranged on
the fine movement stage 508. However, the substrate
chuck 509 may be understood as a component of the
fine movement stage 508.

[0021] The X stage 506 can be driven by an X linear
motor (actuator) 510. The X linear motor 510 can include
an X linear motor stator 510b which can be formed by a
plurality of coils arranged in the base 505, and an X linear
motor movable element 510a which can be formed by a
permanent magnet provided in the X stage 506. The Y
stage 507 can be driven by a Y linear motor (actuator)
511. The Y linear motor 511 can include a Y linear motor
stator 511b which can be formed by a plurality of coils
arrangedin the X stage 506, and a Y linear motor movable
element 511a which can be formed by a permanent mag-
net provided in the Y stage 507.

[0022] A bearingcanbe arranged between the X stage
506 and the Y stage 507. The X stage 506 is driven in
the X-axis direction by the X linear motor 510, and the Y
stage 507 is also driven in the X-axis direction accord-
ingly. The X stage 506 and the Y stage 507 can be sup-
ported by the base 505 via a gas bearing. The fine move-
ment stage 508 can be driven with respect to six axes
by a plurality of actuators such as linear motors (not
shown). In an example, two X linear motors can be pro-
vided to drive the fine movement stage 508 in the X-axis
direction, one Y linear motor can be provided to drive the
fine movement stage 508 in the Y-axis direction, and
three linear motors 512 can be provided to drive the fine
movement stage 508 in the Z-axis direction. Each linear
motor can include a coil (stator) arranged on the Y stage
507 and a permanent magnet (movable element) provid-
ed in the fine movement stage 508. Further, the fine
movement stage 508 can be supported by a self-weight
support mechanism (not shown) in a state in which the
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fine movement stage 508 is floating above the Y stage
507.

[0023] The projection system 503 includes a plurality
of optical elements and a barrel that accommodates the
plurality of optical elements, and the projection system
503 can be supported by a barrel support body 513. The
barrel support body 513 can be supported by a base
member 515 via an air mount 514, and the base 505 can
be supported by the base member 515 via an air mount
516. Each of the air mounts 514 and 516 can include, for
example, an active vibration isolator. The active vibration
isolators reduce a vibration transmitted from the floor via
the base member 515, and suppress, using built-in ac-
tuators and sensors, vibrations generated when objects
supported by the barrel support body 513 and the base
505 are moved. The substrate stage mechanism 504 can
include a laser interferometer system LI and an interfer-
ence encoder system ENC for measuring the position of
the fine movement stage 508.

[0024] Fig. 6 shows a configuration example of the la-
ser interferometer system LI. The laser interferometer
system LI can include, for example, an X laser interfer-
ometer group 1601, a'Y laser interferometer group 1602,
and a Z laser interferometer group 1603. The X laser
interferometer group 1601 can include X laser interfer-
ometers 1601a and 1601b. Each of the X laser interfer-
ometers 1601aand 1601b can be arranged soasto apply
a measurement laser beam to a side surface of the fine
movement stage 508. The X laser interferometers 1601a
and 1601b can be arranged so as to apply the measure-
ment laser beams to different height positions, respec-
tively, in the side surface of the fine movement stage 508
to obtain tilt information (a rotational angle in the wy-axis
direction) of the fine movement stage 508. Each of the
X laser interferometers 1601a and 1601b applies meas-
urement light (measurement laser beam), which travels
in the X-axis direction, to a reflection surface provided in
the side surface of the fine movement stage 508, and
makes the reflected measurement light interfere with ref-
erence light reflected by a reference surface (not shown).
Each of the X laser interferometers 1601a and 1601b
measures or detects the position of the fine movement
stage 508 in the X-axis direction based on aninterference
fringe generated by the interference. Based on the dif-
ference between the positions in the X-axis direction pro-
vided by the X laser interferometers 1601a and 1601b,
the rotational angle (tilt information) in the wy-axis direc-
tion can be detected.

[0025] The Y laser interferometer group 1602 can in-
clude Y laser interferometers 1602a, 1602b, and 1602c.
Each of the Y laser interferometers 1602a, 1602b, and
1602c can be arranged so as to apply a measurement
laser beam to a side surface of the fine movement stage
508. The Y laser interferometers 1602a and 1602b can
be arranged so as to apply the measurementlaserbeams
to different height positions, respectively, in the side sur-
face of the fine movement stage 508 to obtain tilt infor-
mation (a rotational angle in the wx-axis direction) of the
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fine movement stage 508. The Y laser interferometers
1602b and 1602c can be arranged so as to apply the
measurement laser beams to different positions at the
same height, respectively, in the side surface of the fine
movement stage 508 to obtain rotational information (ro-
tational angle in the wz-axis direction) of the fine move-
ment stage 508. Each of the Y laser interferometers
1602a, 1602b, and 1602c applies measurement light
(measurement laser beam), which travels in the Y-axis
direction, to a reflection surface provided in the side sur-
face of the fine movement stage 508, and makes the
reflected measurement light interfere with reference light
reflected by a reference surface (not shown). Each of the
Y laser interferometers 1602a, 1602b, and 1602c meas-
ures or detects the position of the fine movement stage
508in the Y-axis direction based on an interference fringe
generated by the interference. Based on the differences
among the positions in the Y-axis direction provided by
the Y laser interferometers 1602a, 1602b, and 1602c,
the rotational angle in the owx-axis direction and the rota-
tional angle in the wz-axis direction can be detected.
[0026] The Z laser interferometer group 1603 can in-
clude a Z laser interferometers 1603a and 1603b. Each
of the Z laser interferometers 1603a and 1603b can be
arranged so as to apply a measurement laser beam to a
top surface of the fine movement stage 508. Each of the
Zlaserinterferometers 1603a and 1603b applies ameas-
urement laser beam, which travels in the Z-axis direction,
to a reflection surface provided in the top surface of the
fine movement stage 508, and makes the reflected laser
beam (measurement light) interfere with reference light
reflected by a reference surface (not shown). Each of the
Z laser interferometers 1603a and 1603b measures or
detects the position of the fine movement stage 508 in
the Z-axis direction based on an interference fringe gen-
erated by the interference. Based on the difference be-
tween the positions in the Z-axis direction provided by
the Z laser interferometers 1603a and 1603b, the rota-
tional angle (tilt information) in the wy-axis direction can
be detected.

[0027] The measurement light (measurement laser
beam) from the Z laser interferometer 1603a enters, via
a mirror 1604a on the X stage 506 and mirrors 1605a
and 1606a fixed to the barrel support body 513, the re-
flection surface provided in the top surface of the fine
movement stage 508. The measurement light reflected
by the reflection surface is guided to the Z laser interfer-
ometer 1603a via the mirrors 1606a, 1605a, and 1604a.
On the other hand, the reference light (measurement la-
ser beam) from the Z laser interferometer 1603a is ap-
plied to the mirror 1606a via the mirror 1604a on the X
stage 506 and the mirror 1605a fixed to the barrel support
body 513, and reflected by the mirror 1606a. The refer-
ence light reflected by the mirror 1606a is guided to the
Zinterferometer 1603a via the mirrors 1605a and 1604a.
[0028] The measurement light (measurement laser
beam) from the Z laser interferometer 1603b enters, via
a mirror 1604b on the X stage 506 and mirrors 1605b
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and 1606b fixed to the barrel support body 513, the re-
flection surface provided in the top surface of the fine
movement stage 508. The measurement light reflected
by the reflection surface is guided to the Z laser interfer-
ometer 1603b via the mirrors 1606b, 1605b, and 1604b.
On the other hand, the reference light (measurement la-
ser beam) from the Z laser interferometer 1603b is ap-
plied to the mirror 1606b via the mirror 1604b on the X
stage 506 and the mirror 1605b fixed to the barrel support
body 513, and reflected by the mirror 1606b. The refer-
ence light reflected by the mirror 1606b is guided to the
Zinterferometer 1603b via the mirrors 1605b and 1604b.
[0029] Each of the mirrors 1604a, 1604b, 1605a, and
1605b have an elongated shape along the X-axis direc-
tion, and the Z laser interferometers 1603a and 1603b
are arranged outside the substrate stage mechanism
504. With the arrangement as described above, even
when the fine movement stage 508 moves with a long
stroke in the X-Y plane, the optical path of the Z laser
interferometer 1603 passing above the fine movement
stage 508 is not blocked and follows the movement of
the fine movement stage 508. Accordingly, the measure-
ment light (laser beam) is always applied to the reference
surface in the top surface of the fine movement stage
508 regardless of the X-Y position of the fine movement
stage 508. The projection system 503 is arranged be-
tween the mirror 606a and the mirror 606b. Hence, when
the projection system 503 is located above one of the
two reference surfaces provided in the top surface of the
fine movement stage 508, the position can be measured
using the other reference surface.

[0030] A position sensor (for example, a linear encod-
er) can be arranged between the fine movement stage
508 and the Y stage 507. In an example, three linear
encoders can be arranged so as to measure the positions
of the fine movement stage 508 in the Z-axis direction,
the wx-axis direction, and the wy-axis direction with re-
spect to the Y stage 507. Such the position sensor can
be used to measure the shape of the reflection surface
of the fine movement stage 508 or perform calibration.
Another sensor such as a capacitance sensor may be
used in place of the linear encoder.

[0031] The exposure apparatus 500 includes a con-
troller 550. The controller 550 can be formed from, for
example, a PLD (the abbreviation of a Programmable
Logic Device) such as an FPGA (the abbreviation of a
Field Programmable Gate Array), an ASIC (the abbrevi-
ation of an Application Specific Integrated Circuit), a gen-
eral-purpose or dedicated computer installed with a pro-
gram, or a combination of all or some of these compo-
nents. The controller 550 may include a main controller
and a stage controller. The main controller can control
the overall operation of the exposure apparatus, and
transmit position instruction information to the stage con-
troller. Note that instead of transmitting position instruc-
tion information from the main controller to the stage con-
troller, the main controller may transmit information re-
quired for generating the position instruction information
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and the stage controller may generate the position in-
struction information. The stage controller can be config-
ured to control the fine movement stage 508 with respect
to six axes based on the six-axis information of the fine
movement stage 508 obtained using the laser interfer-
ometer system LI and the interference encoder system
ENC.

[0032] Fig. 1 shows a configuration example of the
measurement system including the interference encoder
system ENC and the laser interferometer system LI in-
corporated in the exposure apparatus 500. The interfer-
ence encoder system ENC can be incorporated in the
substrate stage mechanism 504 or the exposure appa-
ratus 500 without influencing the arrangements of the
substrate stage mechanism 504 and the laser interfer-
ometer system LIshownin Figs. 5and 6. The interference
encoder system ENC can include a scale S, an optical
assembly R, and a Z interferometer (interferometer) 603.
The scale S can be arranged on the fine movement stage
508 so as to extend in the Y-axis direction (first direction).
The scale S can be arranged on the top surface of the
fine movement stage 508. Gratings arrayed along the Y-
axis direction with a nanometer-order fine pitch can be
provided in the surface of the scale S. The entire size of
the scale S need not have a large area that covers the
entire movable range of the fine movement stage 508 in
the X-axis direction and the Y-axis direction like an en-
coder layout in which a head is arranged in a movable
part and a scale is arranged in a stationary part. The
length of the scale S in the Y-axis direction may be the
minimum length required for driving of the fine movement
stage 508 in the Y-axis direction. Also, the width of the
scale S in the X-axis direction may be the minimum width
required for reflecting the measurement light transmitted
through the optical assembly R.

[0033] The Z interferometer 603 can be configured to
transmit measurement light and reference light to the op-
tical assembly R, and receive the measurement light and
the reference light returning from the optical assembly
R. The optical assembly R can be configured to apply
the measurement light from the Z interferometer 603 to
the scale S and return, to the Z interferometer 603, the
measurement light returning from the scale S and the
reference light.

[0034] The optical assembly R can be arranged so as
to face the scale S in at least a part of the movable range
of the fine movement stage 508. The optical assembly
R can extend in the X-axis direction (second direction).
The optical assembly R can be an assembly of optical
parts each having an elongated shape. The optical as-
sembly R can be arranged so as to cross the scale S
above the scale S. The optical assembly R can be stat-
ically held between a mirror 606 and the scale S at a
predetermined distance from the scale S. Here, the op-
tical assembly R can be supported by the barrel support
body 513 or the projection system 503 in the posture in
which the longitudinal direction of the optical assembly
R is always parallel to the longitudinal direction (the X-
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axis direction in Fig. 1) of the mirror 606. Further, the
optical assembly R is preferably supported by the barrel
support body 513 or the projection system 503 via a heat
insulation member.

[0035] The optical assembly R can separate, inside it,
the measurement light and the reference light emitted
from the Z interferometer 603 and guided to the optical
assembly R via mirrors 604 and 605 and the mirror 606,
and apply the measurement light to the surface of the
scale S. Further, the optical assembly R retroreflects the
measurement light reflected or diffracted by the surface
of the scale S toward the scale S at least once, recom-
bines the measurement light returning from the scale S
with the reference light, and returns the combined light
to the Z interferometer 603. Similar to the scale S, the
length of the optical assembly R in the longitudinal direc-
tion can be the minimum length required for driving of
the fine movement stage 508 in the X-axis direction and
transmission of the measurement light. The mirror 604
(first mirror) can be arranged on the X stage 506 (movable
body) which moves in the X-axis direction (second direc-
tion) together with the fine movement stage 508. The
mirror 605 (second mirror) and the mirror 606 (third mir-
ror) can be fixedly arranged away from the fine movement
stage 508, the X stage 506, and the mirror 604, and ex-
tend in the X-axis direction. The mirrors 604, 605, and
606 can be arranged so as to form the optical path of
each of the measurement light and the reference light
between the Z interferometer 603 and the optical assem-
bly R.

[0036] Figs.2A and 2B show an arrangementexample
of the optical assembly R. In Fig. 2A, a solid line with an
arrow indicates the optical path of measurement light
200, and adashed line with an arrow indicates the optical
path of reference light 201. The arrow indicates the travel
direction of each of the measurement light and the ref-
erence light. The optical assembly R can include a beam
splitter/combiner PBS, first retroreflectors 202a and
202b, and a second retroreflector 203. The beam split-
ter/combiner PBS separates the measurement light 200
and the reference light 201 provided by the Z interferom-
eter 603, and combines the measurement light 200 and
the reference light 201 to be returned to the Z interfer-
ometer 603. Each of the first retroreflectors 202a and
202b retroreflects, toward the scale S, the measurement
light 200 emitted from the beam splitter/combiner PBS
and diffracted by the scale S to cause the measurement
light 200 to be reflected or diffracted by the scale S. That
is, the measurementlight 200 having entered each of the
first retroreflectors 202a and 202b is retroreflected by the
corresponding one of the retroreflectors 202a and 202b
and then returns to the beam splitter/combiner PBS via
the scale S. Each of the first retroreflectors 202a and
202b returns, to the beam splitter/combiner PBS, the
measurementlight 200 reflected or diffracted by the scale
S. The second retroreflector 203 retroreflects the refer-
ence light emitted from the beam splitter/combiner PBS
and returns it to the beam splitter/combiner PBS. The
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beam splitter/combiner PBS, the first retroreflectors 202a
and 202b, and the second retroreflector 203 can extend
in the X-axis direction (second direction).

[0037] The measurement light 200 and the reference
light 201 provided to the optical assembly R via the mirror
604, 605, and 606 are separated by the beam split-
ter/combiner PBS, and the measurement light 200 alone
is applied to the scale S. The measurement light 200 is
diffracted by the scale S, and +1st-order diffracted light
200p and -1st-order diffracted light 200m are generated
at a non-Littrow angle. The +1st-order diffracted light
200p is retroreflected by the retroreflector 202a, diffract-
ed by the scale S again, and returns to the optical as-
sembly R. Similarly, the -1st-order diffracted light 200m
is retroreflected by the retroreflector 202b, diffracted by
the scale S again, and returns to the optical assembly R.
[0038] On the other hand, the reference light 201 sep-
arated by the beam splitter/combiner PBS is retroreflect-
ed by the retroreflector 203 and returns to the beam split-
ter/combiner PBS. Each of the +1st-order diffracted light
200p and - 1st-order diffracted light 200m of the meas-
urement light 200 having returned from the scale S is
combined with the reference light 201 having returned
from the retroreflector 203, and emitted from the optical
assembly R toward the mirror 606. The +1st-order dif-
fracted light 200p and -1st-order diffracted light 200m of
the measurement light 200 and the reference light 201
having traveled via the mirrors 606, 605, and 604 are
combined by a polarizing plate 607 and return to the Z
interferometer 603. The Z interferometer 603 detects an
interference fringe or a phase signal according to the
optical path difference between the + 1 st-order diffracted
light 200p and the reference light 201 and the optical path
difference between the -1st-order diffracted light 200m
and the reference light 201. Based on the interference
fringe or the phase difference, the Z interferometer 603
can generate positional information of the scale S regard-
ing two degrees of freedom (the Z-axis direction and the
Y-axis direction). For example, Japanese Patent Laid-
Open No. 2013-525750 discloses an arithmetic expres-
sion for converting an obtained heterodyne phase signal
into positional information regarding two degrees of free-
dom.

[0039] When the optical assembly R has the elongated
shape extending in the X-axis direction as exemplarily
shown in Fig. 1, the optical path of the Z interferometer
603 (the optical path of each of the measurement light
200 and the reference light 201) follows movement of the
fine movement stage 508 in the X-axis direction and
moves in the X-axis direction (longitudinal direction)
above the fine movement stage 508. Accordingly, even
if the incident position of each of the measurement light
200 and the reference light 201 with respect to the optical
assembly R is moved in the X-axis direction, the optical
path shown in Fig. 2Ais always maintained in the Z-Y
section of the optical assembly R, that is, the plane or-
thogonal to the longitudinal direction. Therefore, regard-
less of the incident position of each of the measurement
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light 200 and the reference light 201 in the X-axis direction
with respect to the optical assembly R, the optical path
length of each of the measurement light 200 and the ref-
erence light 201 remains unchanged.

[0040] Each of the retroreflectors 202a, 202b, and 203
shown in Fig. 2B can be an elongated prism obtained by
orthogonally combining two flat surfaces. With such the
configuration, each of the measurement light 200 and
the reference light 201 always enters perpendicular to
the respective surfaces of the optical assembly R and,
as long as the postures of the optical assembly R and
the scale S are ideally parallel to each other, the incident
light is reflected twice and returns to the direction oppo-
site to the incident direction. However, if the incident an-
gle of each of the measurement light 200 and the refer-
ence light 201 with respect to the incident surface of the
optical assembly R changes even a little in accordance
with the incident position in the X-axis direction, the light
returns in a direction shifted from the direction opposite
to the incident direction, and this can cause a measure-
ment error. For example, a case in which the postures
of the optical assembly R and the scale S are not exactly
parallel to each other and one of them is rotated in the
wy-axis direction, a physical event in which the surface
of the scale S is deformed by heat and changed over
time, or the like can be assumed. In preparation for oc-
currence of a measurement error caused by an optical
axis shift of each of the measurement light 200 and the
reference light 201 or a change in posture of each of the
optical assembly R and the fine movement stage 508, a
correction table may be generated in advance to correct
ameasurementvalue of the interference encoder system
ENC. The correction table can be generated using meas-
urement values of the X laser interferometer group 1601,
the Y laser interferometer group 1602, and the Z laser
interferometer group 1603 of the laser interferometer sys-
tem LI, or a focus detection unit (not shown) or the like
incorporated in the exposure apparatus 500.

[0041] In order to always maintain the state in which
the optical path length inside the optical assembly R re-
mains unchanged regardless of the optical axis and the
posture, each of the retroreflectors 202a, 202b, and 203
formed in the optical assembly R may be a planar retro-
reflector. Figs. 8A and 8B show an arrangement in which
the retroreflectors 202a, 202b, and 203 shown in Figs.
2A and 2B are replaced with planar retroreflectors 801a,
801b, and 801, respectively. Alternatively, a planar ret-
roreflector may be formed by arraying, in a single plane,
multiple metasurfaces described in "Arbabi, A. et al. Pla-
nar metasurface retroreflector. Nat. Photo. 11, 415-420
(2017)", fine corner cube mirrors, or fine lens assemblies
(cat's eyes). By employing the planar retroreflector,
measurement errors depending on optical axis shifts of
the measurement light 200 and the reference light 201
and the postures of the optical assembly R and the fine
movement stage 508 can be eliminated, and a more ro-
bust interference encoder system ENC can be obtained.
[0042] Fig. 3 shows another configuration example of
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the measurement system including the interference en-
coder system ENC and the laser interferometer system
LI incorporated in the exposure apparatus 500. In the
configuration example shown in Fig. 3, the interference
encoder system ENC includes two measurement devic-
es. The first measurement device can include a scale
Sa, an optical assembly Ra, a Z interferometer (interfer-
ometer) 603a, and mirrors 604a, 605a, and 606a. The
second measurement device can include a scale Sb, an
optical assembly Rb, a Z interferometer (interferometer)
603b, and mirrors 604b, 605b, and 606b. Each of the first
measurement device and the second measurement de-
vice can be arranged so as to measure the positions of
the fine movement stage 508 in the Z-axis direction and
the Y-axis direction. In the configuration example shown
in Fig. 3, the laser interferometer system LI includes the
X laser interferometer group 1601 (1601a and 1601b)
and the Y laser interferometer group 1602 (1602a,
1602b, and 1602c) described above.

[0043] First, the interference encoder system ENC will
be described. The scales Sa and Sb can extend in the
Y-axis direction, and be arranged along two sides, re-
spectively, of the top surface of the fine movement stage
508 parallel to the Y-axis direction. The optical assembly
Ra can be arranged so as to face the scale Sain at least
a part of the movable range of the fine movement stage
508, and extend in the X-axis direction. The optical as-
sembly Rb can be arranged so as to face the scale Sb
in at least a part of the movable range of the fine move-
ment stage 508, and extend in the X-axis direction.
[0044] The Z interferometer 603a can provide meas-
urement light and reference light to the optical assembly
Ra via the mirrors 604a, 605a, and 606a, and receive
the measurement light and the reference light returning
from the optical assembly Ra. The Z interferometer 603a
can measure or detect the positions of the fine movement
stage 508 in the Z-axis direction and the Y-axis direction
based on an interference fringe generated by the meas-
urement light and the reference light. The Z interferom-
eter 603b can provide measurement light and reference
light to the optical assembly Rb via the mirrors 604b,
605b, and 606b, and receive the measurement light and
the reference light returning from the optical assembly
Rb. The Z interferometer 603b can measure or detect
the positions of the fine movement stage 508 in the Z-
axis direction and the Y-axis direction based on an inter-
ference fringe generated by the measurement light and
the reference light. The controller 550 can detect the ro-
tational angle of the fine movement stage 508 in the wz-
axis direction based on the difference between the posi-
tions in the Y-axis direction measured by the Z interfer-
ometers 603a and 603b.

[0045] Next, the laser interferometer system LI will be
described. Each of the X laser interferometers 1601a and
1601b can measure or detect the position of the fine
movement stage 508 in the X-axis direction. The control-
ler 550 can detect the position of the fine movement stage
508 in the oy-axis direction based on the difference be-

10

15

20

25

30

35

40

45

50

55

tween the positions in the X-axis direction measured by
the X laser interferometers 1601a and 1601b. Each of
the Y laser interferometers 1602a, 1602b, and 1602c can
measure or detect the position of the fine movement
stage 508 in the Y-axis direction. The controller 550 can
detect the rotational angle of the fine movement stage
508 in the wx-axis direction based on the difference be-
tween the positions in the Y-axis direction measured by
the Y laser interferometers 1602a and 1602b. The con-
troller 550 can detect the rotational angle in the wz-axis
direction based on the difference between the positions
in the Y-axis direction measured by the Y laser interfer-
ometers 1602b and 1602c.

[0046] Evenwhenthefine movementstage 508 moves
in the movable range in the X-Y plane, the optical paths
of the Z interferometers 603a and 603b above the fine
movement stage 508 are not blocked, so that measure-
ment light beams can always be applied to the scales Sa
and Sb, respectively, on the top surface of the fine move-
ment stage 508. The measurement light beam returning
from each of the scales Sa and Sb can be returned to
each of the Z interferometers 603a and 603b together
with the reference light beam through the single optical
path.

[0047] Both of a combination of the Y laser interferom-
eters 1602b and 1602c and a combination of the Z inter-
ferometers 603a and 603b can measure the position in
the Y-axis direction and the rotational angle in the wz-
axis direction of the fine movement stage 508. The inter-
ference encoder type Z interferometers 603a and 603b
may perform measurement in a short term/short section
in a wide stroke or movable range of the fine movement
stage 508, and the laser interferometer type Y laser inter-
ferometers 1602b and 1602c may be used to correct a
variation in a long term/long section. A correction table
used to correct measurement errors of the Z interferom-
eters 603a and 603b, which depend on optical axis shifts
of the measurement light and the reference light and the
postures of the optical assemblies Ra and Rb and the
fine movement stage 508, may be generated based on
the measurement results of the Y laser interferometers
1602b and 1602c.

[0048] As has been described above, it is possible to
provide a stage device mounted with an interference en-
coder system limited to the Z-axis and the Y-axis while
using a conventional laser interferometer system. With
this, it is possible to change to a highly accurate encoder
system and improve the performance with almost no
change in the overall layout of the exposure apparatus.
[0049] Fig. 4 shows stillanother configuration example
of the measurement system including the interference
encoder system ENC and the laser interferometer sys-
tem LI incorporated in the exposure apparatus 500. Fig.
7 shows the interference encoder system ENC from the
interference encoder system ENC and the laser interfer-
ometer system LI shown in Fig. 4. Itis possible to detect
the position of the fine movement stage 508 with respect
to six axes using the interference encoder system ENC
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and the laser interferometer system LI.

[0050] The exposure apparatus 500 includes a sub-
strate stage mechanism 400 in place of the substrate
stage mechanism 504 described above. The substrate
stage mechanism 400 can have an arrangementin which
the X stage 506 and the Y stage 507 cross each other.
The substrate stage mechanism 400 can include the X
stage 506, the Y stage 507, and an X-Y stage 401. The
X stage 506 can move with a long stroke in the X-axis
direction on the base 505. The Y stage 507 can move
with a long stroke in the Y-axis direction on the base 505.
The X-Y stage 401 can move in the X-axis direction and
the Y-axis direction on the base 505 at a position where
the X stage 506 and the Y stage 507 cross each other.
The substrate stage mechanism 400 can include the fine
movement stage 508 that is driven with a short stroke
with respect to the X-Y stage 401 at six degrees of free-
dom, that is, with respect to the X-axis direction, the Y-
axis direction, the Z-axis direction, the wx-axis direction,
the wy-axis direction, and the wz-axis direction. The sub-
strate chuck 509 that holds the substrate can be arranged
on the fine movement stage 508. However, the substrate
chuck 509 may be understood as a component of the
fine movement stage 508.

[0051] The X stage 506, the Y stage 507, and the X-Y
stage 401 can be supported by the base 505 via a gas
bearing. The X stage 506 can be driven by the X linear
motor including the X linear motor stator 5 10b, which
can be formed by the plurality of coils arranged on the
base 505, and the X linear motor movable element 510a,
which can be formed by the permanent magnet provided
in the X stage 506. The Y stage 507 can be driven by the
Y linear motor including the Y linear motor stator 51 1b,
which can be formed by the plurality of coils arranged on
the base 505, and the Y linear motor movable element
511a, which can be formed by the permanent magnet
provided in the Y stage 507. A bearing can be arranged
between the X stage 506 and the X-Y stage 401. A bear-
ing can be arranged between the Y stage 507 and the
X-Y stage 401.

[0052] The fine movement stage 508 can be arranged
on the X-Y stage 401, and driven with respect to the six
axes by a plurality of actuators such as linear motors.
Further, the fine movement stage 508 can be supported
by a self-weight support mechanism (not shown) in a
state in which the fine movement stage 508 is floating
above the X-Y stage 401. A position sensor (for example,
a linear encoder) can be arranged between the fine
movement stage 508 and the X-Y stage 401. In an ex-
ample, three linear encoders can be arranged so as to
measure the positions of the fine movement stage 508
in the Z-axis direction, the wx-axis direction, and the oy-
axis direction with respect to the Y stage 507. Such the
position sensor can be used to measure the shape of the
reflection surface of the fine movement stage 508 or per-
form calibration. Another sensor such as a capacitance
sensor may be used in place of the linear encoder.
[0053] First, the interference encoder system ENC will
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be described. Inthe configuration example shownin Figs.
4 and 7, the interference encoder system ENC includes
four measurement devices. The first measurement de-
vice can include the scale Sa, the optical assembly Ra,
the Z interferometer (interferometer) 603a, and the mir-
rors 604a, 605a, and 606a. The second measurement
device can include the scale Sb, the optical assembly
Rb, the Z interferometer (interferometer) 603b, and the
mirrors 604b, 605b, and 606b. The third measurement
device can include a scale Sc, an optical assembly Rc,
a Z interferometer (interferometer) 603c, and mirrors
604c, 605c, and 606c. The fourth measurement device
caninclude a scale Sd, an optical assembly Rd, a Z inter-
ferometer (interferometer) 603d, and mirrors 604d, 605d,
and 606d.

[0054] Each of the scales Sa and Sb is formed by a
thin plate, have an elongated shape extending in the Y-
axis direction, and is arranged along a side of the top
surface of the fine movement stage 508 parallel to the
Y-axis direction. The length of each of the scales Sa and
Sb in the Y-axis direction may be the minimum length
required for driving of the fine movement stage 508 in
the Y-axis direction. Also, the width of each of the scales
Sa and Sb in the X-axis direction may be the minimum
width required for reflecting the measurement light trans-
mitted through each of the optical assemblies Ra and
Rb. Gratings arrayed along the Y-axis direction with a
nanometer-order fine pitch are provided in the surface of
each of the scales Sa and Sb.

[0055] Each of the scales Sc and Sd is formed by a
thin plate, have an elongated shape extending in the X-
axis direction, and is arranged along a side of the top
surface of the fine movement stage 508 parallel to the
X-axis direction. The length of each of the scales Sc and
Sd in the X-axis direction may be the minimum length
required for driving of the fine movement stage 508 in
the X-axis direction. Also, the width of each of the scales
Sc and Sd in the Y-axis direction may be the minimum
width required for reflecting the measurement light trans-
mitted through each of the optical assemblies Rc and Rd.
Gratings arrayed along the X-axis direction with a na-
nometer-order fine pitch are provided in the surface of
each of the scales Sc and Sd.

[0056] The Z interferometer 603a provides measure-
ment light and reference light to the optical assembly Ra
via the mirrors 604a, 605a, and 606a, and receives the
measurement light and the reference light returning from
the optical assembly Ra. The Z interferometer 603a de-
tects the positions of the fine movement stage 508 in the
Z-axis direction and the Y-axis direction based on an in-
terference fringe generated by the measurement light
and the reference light. The Z interferometer 603b pro-
vides measurement light and reference light to the optical
assembly Rb via the mirrors 604b, 605b, and 606b, and
receives the measurement light and the reference light
returning from the optical assembly Rb. The Z interfer-
ometer 603b detects the positions of the fine movement
stage 508 in the Z-axis direction and the Y-axis direction
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based on an interference fringe generated by the meas-
urement light and the reference light. The controller 550
can detect the rotational angle of the fine movement
stage 508 in the wz-axis direction based on the difference
between the positions in the Y-axis direction measured
by the Z interferometers 603a and 603b.

[0057] The Z interferometer 603c provides measure-
ment light and reference light to the optical assembly Rc
via the mirrors 604c, 605c, and 606¢c, and receives the
measurement light and the reference light returning from
the optical assembly Rc. The Z interferometer 603c de-
tects the positions of the fine movement stage 508 in the
Z-axis direction and the Y-axis direction based on an in-
terference fringe generated by the measurement light
and the reference light. The Z interferometer 603d pro-
vides measurement light and reference light to the optical
assembly Rd via the mirrors 604d, 605d, and 606d, and
receives the measurement light and the reference light
returning from the optical assembly Rd. The Z interfer-
ometer 603d detects the positions of the fine movement
stage 508 in the Z-axis direction and the Y-axis direction
based on an interference fringe generated by the meas-
urement light and the reference light. The controller 550
can detect the rotational angle of the fine movement
stage 508 in the wz-axis direction based on the difference
between the positions in the Y-axis direction measured
by the Z interferometers 603c and 603d.

[0058] Each ofthe mirrors 605a,605b,606a, and 606b,
the optical assembly Ra, and the optical assembly Rb
has an elongated shape along the X-axis direction, and
the Z interferometers 603a and 603b are arranged out-
side the substrate stage mechanism 400. The projection
system 503 is arranged between the mirrors 606a and
606b. When the projection system 503 is located above
one of the scale Sa and the scale Sb on the fine move-
ment stage 508, position measurement can be performed
using the other scale S. However, when the projection
system 503 is located above one of the scale Sa and the
scale Sb, the rotational angle in the wz-axis direction can-
not be detected. In this case, the rotational angle in the
wz-axis direction detected using the laser interferometer
system LI can be utilized.

[0059] Each ofthe mirrors 605¢, 605d, 606c, and 606d,
the optical assembly Rc, and the optical assembly Rd
has an elongated shape along the Y-axis direction, and
the Z interferometers 603c and 603d are arranged out-
side the substrate stage mechanism 400. The projection
system 503 is arranged between the mirrors 606¢ and
606d. When the projection system 503 is located above
one of the scale Sc and the scale Sd on the fine move-
ment stage 508, position measurement can be performed
using the other scale S. However, when the projection
system 503 is located above one of the scale Sc and the
scale Sd, the rotational angle in the wz-axis direction can-
not be detected. In this case, the rotational angle in the
wz-axis direction detected using the laser interferometer
system LI can be utilized.

[0060] In the configuration example shown in Figs. 4
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and 7, the laser interferometer system LI includes the X
laser interferometers 1601a and 1601b and the Y laser
interferometers 1602a, 1602b, and 1602c. Each of the X
laser interferometers 1601aand 1601b measures the po-
sition of the fine movement stage 508 in the X-axis di-
rection. The controller 550 can detect the position of the
fine movement stage 508 in the wy-axis direction based
on the difference between the positions in the X-axis di-
rection measured by the X laser interferometers 1601a
and 1601b. Each of the Y laser interferometers 1602a,
1602b, and 1602c measures the position of the fine
movement stage 508 in the Y-axis direction. The control-
ler 550 can detect the rotational angle of the fine move-
ment stage 508 in the wx-axis direction based on the
difference between the positions in the Y-axis direction
measured by the Y laser interferometers 1602a and
1602b. Further, the controller 550 can detect the rota-
tional angle in the wz-axis direction based on the differ-
ence between the positions in the Y-axis direction meas-
ured by the Y laser interferometers 1602b and 1602c.
[0061] Both of the interference encoder system ENC
and the laser interferometer system LI can detect the
position in the X-axis direction, the position in the Y-axis
direction, the position (rotational angle) in the wz-axis
direction, the position (rotational angle) in the wx-axis
direction, and the position (rotational angle) in the wy-
axis direction of the fine movement stage 508. In other
words, at least some of positional information of the fine
movement stage 508 detected using the interference en-
coder system ENC can also be detected using even the
laser interferometer system LlI.

[0062] The interference encoder type Z interferom-
eters 603a to 603d may perform measurement in a short
term/short section in a wide stroke or movable range of
the fine movement stage 508, and the laser interferom-
eter type laser interferometers 601 and 602 may be used
to correct a variation in a long term/long section. A cor-
rection table used to correct measurement errors of the
Zinterferometers 603a to 603d, which depend on optical
path shifts of the measurement light and the reference
light or the postures of the optical assemblies Ra, Rb,
Rc, and Rd and the fine movement stage 508, may be
generated based on the measurementresults of the laser
interferometers 601 and 602.

[0063] Accordingtothe measurementsystem, the sub-
strate stage device, or the exposure apparatus described
with reference to Figs. 4 and 7, the position of the fine
movement stage 508 with respect to the six axes can be
detected with high accuracy. Further, according to the
configuration as described above, itis possible to employ
a highly accurate encoder system with almost no change
in the overall layout of a conventional exposure appara-
tus.

[0064] The measurement system described above is
applicable to, for example, an imprint apparatus, a lithog-
raphy apparatus such as a maskless charged-particle
beam drawing apparatus, or a pattern transfer apparatus,
in addition to an exposure apparatus. The measurement
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system described above is also applicable to an appa-
ratus (for example, a microscope or a mechanical
processing apparatus) that requires high positioning ac-
curacy, in addition to a lithography apparatus.

[0065] An article manufacturing method of manufac-
turing an article using a lithography apparatus represent-
ed by the above-described exposure apparatus will be
described below. The article manufacturing method can
include a transfer step of transferring a pattern to a sub-
strate using the above-described lithography apparatus,
and a processing step of obtaining an article by process-
ing the substrate to which the pattern has been trans-
ferred in the transfer step. When the lithography appa-
ratusis an exposure apparatus, the article manufacturing
method can include an exposure step of exposing, using
the exposure apparatus, a substrate with a photosensi-
tive agent applied thereto, a development step of devel-
oping the substrate (photosensitive agent), and a
processing step of obtaining an article by processing the
developed substrate. The processing step includes, for
example, etching, resist removal, dicing, bonding, pack-
aging, and the like. According to this article manufactur-
ing method, a higher-quality article than a conventional
one can be manufactured.

[0066] Whilethe presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.

[0067] A stage deviceincludes astage capable of mov-
ing in a first direction and a second direction orthogonal
to each other, a scale arranged in the stage so as to
extend in the first direction, an optical assembly arranged
so as to face the scale in at least a part of a movable
range of the stage and extending in the second direction,
and an interferometer configured to transmit measure-
ment light and reference light to the optical assembly,
and receive the measurement light and the reference
light returning from the optical assembly. The optical as-
sembly is configured to apply the measurement light from
the interferometer to the scale, and return the measure-
ment light returning from the scale and the reference light
to the interferometer.

[0068] Thisapplication is a divisional application of Eu-
ropean patent application no. 22157687.9 (the "parent
application"), also published under no. EP 4053497 A1.
The following items corresponding to the originally filed
claims of the parent application form part of the content
of this description as filed.

ITEMS
[0069]

1. A stage device comprising:
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1"

a stage capable of moving in afirst direction and
a second direction orthogonal to each other;

a scale arranged in the stage so as to extend in
the first direction;

an optical assembly arranged so as to face the
scale in at least a part of a movable range of the
stage and extendingin the second direction; and
an interferometer configured to transmit meas-
urement light and reference light to the optical
assembly, and receive the measurement light
and the reference light returning from the optical
assembly,

wherein the optical assembly is configured to
apply the measurement light from the interfer-
ometer to the scale, and return the measure-
ment light returning from the scale and the ref-
erence light to the interferometer.

2. The device according to item 1, wherein

the optical assembly includes

a beam splitter/combiner configured to separate
the measurement light and the reference light
provided by the interferometer, and combine the
measurement light and the reference light to be
returned to the interferometer,
afirstretroreflector configured to retroreflect, to-
ward the scale, the measurement light emitted
from the beam splitter/combiner and diffracted
by the scale to return the measurement light to
the beam splitter/combiner via the scale, and
a second retroreflector configured to retroreflect
the reference light emitted from the beam split-
ter/combiner to return the reference light to the
beam splitter/combiner, and

wherein the bema splitter/combiner, the first ret-
roreflector, and the second retroreflector extend
in the second direction.

3. The device according to item 2, wherein

each of the beam splitter/combiner, the first retrore-
flector, and the second retroreflector is a planar ret-
roreflector.

4. The device according to any one of items 1 to 3,
wherein
the scale is arranged on a top surface of the stage.

5. The device according to any one of items 1 to 4,
further comprising:

a movable body configured to move in the sec-
ond direction together with the stage;

a first mirror arranged in the movable body; and
a second mirror and a third mirror fixedly ar-
ranged away from the stage, the movable body,
and the first mirror, and extending in the second
direction,
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wherein the first mirror, the second mirror, and
the third mirror are arranged so as to form an
optical path of each of the measurement light
and the reference light between the interferom-
eter and the optical assembly.

6. The device according to any one of items 1 to 5,
further comprising:

a second scale arranged on the stage so as to
extend in the first direction;

a second optical assembly arranged so as to
face the second scale in at least a part of the
movable range of the stage and extending in the
second direction; and

a second interferometer configured to transmit
measurement light and reference light to the
second optical assembly, and receive the meas-
urement light and the reference light returning
from the second optical assembly,

wherein the second optical assembly is ar-
ranged away from the optical assembly in the
first direction.

7. The device according to item 6, further comprising

a laser interferometer system configured to
measure a position of the stage,

wherein at least some of positional information
of the stage detected using the scale, the optical
assembly, the interferometer, the second scale,
the second optical assembly, and the second
interferometer is also detected using the laser
interferometer system.

8. The device according to item 7, further comprising
an actuator configured to be controlled so as to drive
the stage based on information provided by the inter-
ferometer, the second interferometer, and the laser
interferometer system.

9. The device according to item 8, wherein

the laser interferometer system includes a laser
interferometer configured to apply a measurement
laser beam to a side surface of the stage.

10. The device according to item 8, wherein

the laser interferometer system includes two laser
interferometers configured to apply measurement la-
ser beams to different height positions, respectively,
in a side surface of the stage to obtain tiltinformation
of the stage.

11. The device according to any one of items 1 to 6,
further comprising

a laser interferometer configured to apply a meas-
urement laser beam to a side surface of the stage
to measure a position of the stage.
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12. The device according to any one of items 1 to 6,
further comprising

two laser interferometers configured to apply meas-
urement laser beams to different height positions,
respectively, in a side surface of the stage to obtain
tilt information of the stage.

13. The device according to any one of items 1 to
12, wherein

a plurality of measurement devices are provided
so as to measure the stage with respect to a
plurality of axes, and

at least one of the plurality of measurement de-
vices has the same configuration as the optical
assembly and the interferometer.

14. A lithography apparatus that transfers a pattern
of an original to a substrate, comprising:

a transfer unit configured to transfer the pattern
of the original to the substrate; and

a stage device defined in any one of items 1 to
13, configured to position the substrate.

15. An article manufacturing method comprising:

transferring a pattern to a substrate using a li-
thography apparatus defined in item 14; and
processing, to obtain an article, the substrate to
which the pattern has been transferred in the
transferring.

Claims

A stage device comprising:

a stage capable of moving in afirst direction and
a second direction orthogonal to each other;

a scale arranged on the stage so as to extend
in the first direction;

an optical assembly arranged so as to face the
scale in at least a part of a movable range of the
stage and extendingin the second direction; and
an interferometer configured to transmit meas-
urement light and reference light to the optical
assembly, and receive the measurement light
and the reference light returning from the optical
assembly,

wherein the optical assembly is configured to
apply the measurement light from the interfer-
ometer to the scale, and return the measure-
ment light returning from the scale and the ref-
erence light to the interferometer.

2. The device according to claim 1, wherein
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the optical assembly includes

abeam splitter/combiner configured to separate
the measurement light and the reference light
provided by the interferometer, and combine the
measurement light and the reference light to be
returned to the interferometer,

afirst retroreflector configured to retroreflect, to-
ward the scale, the measurement light emitted
from the beam splitter/combiner and diffracted
by the scale to return the measurement light to
the beam splitter/combiner via the scale, and

a second retroreflector configured to retroreflect
the reference light emitted from the beam split-
ter/combiner to return the reference light to the
beam splitter/combiner, and

wherein the bema splitter/combiner, the first ret-
roreflector, and the second retroreflector extend
in the second direction.

The device according to claim 2, wherein

each of the beam splitter/combiner, the first retrore-
flector, and the second retroreflector is a planar ret-
roreflector.

The device according to any one of claims 1 to 3,
wherein
the scale is arranged on a top surface of the stage.

The device according to any one of claims 1 to 4,
further comprising:

a movable body configured to move in the sec-
ond direction together with the stage;

a first mirror arranged in the movable body; and
a second mirror and a third mirror fixedly ar-
ranged away from the stage, the movable body,
and the first mirror, and extending in the second
direction,

wherein the first mirror, the second mirror, and
the third mirror are arranged so as to form an
optical path of each of the measurement light
and the reference light between the interferom-
eter and the optical assembly.

6. The device according to any one of claims 1 to 5,

further comprising:

a second scale arranged on the stage so as to
extend in the first direction;

a second optical assembly arranged so as to
face the second scale in at least a part of the
movable range of the stage and extending in the
second direction; and

a second interferometer configured to transmit
measurement light and reference light to the
second optical assembly, and receive the meas-
urement light and the reference light returning
from the second optical assembly,
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wherein the second optical assembly is ar-
ranged away from the optical assembly in the
first direction.

The device according to claim 6, further comprising

a laser interferometer system configured to
measure a position of the stage,

wherein at least some of positional information
of the stage detected using the scale, the optical
assembly, the interferometer, the second scale,
the second optical assembly, and the second
interferometer is also detected using the laser
interferometer system.

The device according to claim 7, further comprising
an actuator configured to be controlled so as to drive
the stage based on information provided by the inter-
ferometer, the second interferometer, and the laser
interferometer system.

The device according to claim 8, wherein
the laser interferometer system includes a laser
interferometer configured to apply a measurement
laser beam to a side surface of the stage.

The device according to claim 8, wherein

the laser interferometer system includes two laser
interferometers configured to apply measurementla-
ser beams to different height positions, respectively,
in a side surface of the stage to obtain tilt information
of the stage.

The device according to any one of claims 1 to 6,
further comprising

a laser interferometer configured to apply a meas-
urement laser beam to a side surface of the stage
to measure a position of the stage.

The device according to any one of claims 1 to 6,
further comprising

two laser interferometers configured to apply meas-
urement laser beams to different height positions,
respectively, in a side surface of the stage to obtain
tilt information of the stage.

The device according to any one of claims 1 to 12,
wherein

a plurality of measurement devices are provided
so as to measure the stage with respect to a
plurality of axes, and

at least one of the plurality of measurement de-
vices has the same configuration as the optical
assembly and the interferometer.

A lithography apparatus that transfers a pattern of
an original to a substrate, comprising:
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a transfer unit configured to transfer the pattern
of the original to the substrate; and

a stage device defined in any one of claims 1 to
13, configured to position the substrate.

15. An article manufacturing method comprising:

transferring a pattern to a substrate using a li-
thography apparatus defined in claim 14; and
processing, to obtain an article, the substrateto 70
which the pattern has been transferred in the
transferring.
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